Objective: Few studies have focused on factors influencing outcomes of patients with in-hospital cardiac arrest (IHCA) in general wards. The goal of this study was to report the outcomes of adult patients with IHCA in the general wards and identified the prognostic factors. Methods: Adult patients with IHCA having received cardiopulmonary resuscitation in general wards from January 2008 to December 2011 were retrospectively reviewed from our registry system. The primary outcome was survival to hospital discharge, while the secondary outcome was sustained return of spontaneous circulation (ROSC). Results: A total of 544 general ward patients were analyzed for event variables and resuscitation results. The rate of establishing a ROSC was 40.1% and the rate of survival to discharge was 5.1%. Ventricular tachycardia/ventricular fibrillation (VT/VF) was the initial rhythm in 3.9% of patients. Pre-arrest factors including a high Charlson comorbidity index (CCI) ≥ 9 (OR 0.251, 95% CI 0.098 -0.646), cardiac comorbidity (OR 0.612, 95% CI 0.401 -0.933), and arrest time on the midnight shift (OR 0.403, 95% CI 0.252 -0.642) were independently associated with a low possibility of ROSC. The initial VT/VF presenting rhythms (OR 0.135, 95% CI 0.030 -0.601) were independently associated with a high survival rate, whereas patients with deteriorated disease course were independently associated with a decreased hospital survival (OR 3.902, 95% CI 1.619 -9.403). Conclusions: We demonstrated that pre-arrest factors can predict patient outcome after IHCA in general wards, including the association of a CCI ≥ 9 and cardiac comorbidity with poor ROSC, and deteriorated disease course as an independent predictor of a low survival rate.
Introduction
According to the Get with the Guidelines (GWTG)-Resuscitation registry, overall survival after in-hospital cardiac arrest (IHCA) has improved significantly during the past decade [1] [2] . Survival to discharge rates increased from 13 .7% in 2000 to 22 .3% in 2009. The most important explanations for the apparent improvement are advances in the management of acute myocardial infarction and heart failure that may have led to a decline in the proportion of IHCA of which the initial rhythm is ventricular fibrillation (VF) or pulseless ventricular tachycardia (VT) [1] - [4] . Therefore, a good outcome is associated with cardiac morbidity, the event being witnessed, and the patient being monitored [3] - [8] . However, the patient outcome after IHCA in general ward remains poor with only 3% -14% of patients undergoing cardiopulmonary resuscitation (CPR) being able to survive and be discharged [3] [9] [10] . Previous reports indicated that patients with cardiac arrest in critical care areas had a better outcome than those in general wards because of different policies, manpower, disease entities, staff training and experience in response to emergency situations [5] - [11] . Established outcome predictors for patients with IHCA such as adequate monitoring may not be easily applied to those in the general wards. To our knowledge, few studies have focused on factors influencing outcome of patients with IHCA in general wards [9] [10]. The goal of this study was to report the outcomes of adult patients with IHCA in the general wards of an Asian medical center in comparison to those in western countries.
Material and Methods

Study Design and Hospital Setting
The study was conducted as a retrospective analysis of a dedicated cardiac arrest registry containing prospectively collected data on IHCA at the Kaohsiung Chang Gung Memorial Hospital (CGMH) from January 2008 to December 2011. Kaohsiung CGMH is a tertiary teaching hospital, with 2715 beds including 1388 in adult general ward and 203 in adult intensive care unit (ICU). The hospital's Institutional Review Committee on Human Research approved the study protocol.
Enrollment of Participants
Adult patients (≥18 years of age) at the time of hospital admission who received chest compression and/or defibrillation and advanced airway management in general wards were included in the study. Exclusion criteria included1) outpatients; 2) patients in emergency department/ICU/coronary care unit/operating rooms; 3) patients receiving only resuscitation drugs or positive pressure ventilation without chest compression or defibrillation, 4) patients subject to palliative treatment or to a "do not resuscitate (DNR)" order; 5) patients experiencing a second or subsequent cardiac arrest; and 6) patients with pre-existing tracheostomy or mechanical ventilation.
Management of Cardiac Arrest
In addition to the physicians and nurses on duty in the wards, there is an emergency response team at the institute that provides round-the-clock CPR for those in need. All members of the resuscitation team were certified in advanced cardiac life support (ACLS). Additionally, there was a dedicated nurse who recorded all of the resuscitation efforts, procedures, and medications on a standardized resuscitation data form during the event. We used the Utstein definitions and recommendations to record the demographic data, event and outcome variables of all patients studied [12] . During the study period, no therapeutic hypothermia and extracorporeal membrane oxygenation support was performed during CPR or in the post-resuscitative period in our general wards.
Assessment of Patient Outcomes
The primary parameter for the assessment of patient outcome was survival to hospital discharge. Parameters for secondary outcome included return of spontaneous circulation (ROSC) for more than 20 minutes with no further need for chest compressions. Neurological outcome was determined using Cerebral Performance Category (CPC) score which allocates a score of 1 for good cerebral performance, 2 for moderate performance, 3 for poor performance, 4 for comatose or vegetative status, and 5 for brain death. In this study, patients with a score of one or two were defined as those with favorable neurological outcomes.
Data Collection and Definition
Independent variables comprised those in the pre-arrest, peri-arrest, and intra-arrest settings. Pre-arrest variables included basic patient characteristics, comorbidities before admission, main morbidity on admission, and intervention on admission. Peri-arrest variables were time of arrest, admitting department, interventions performed during the initial hospitalization period in wards before arrest. Intra-arrest variables included the first documented pulseless rhythm, witness of the event, the time interval from patient collapse to the beginning of CPR, and that from patient collapse to ROSC.
A deteriorated disease course was defined as a respiratory rate of ≥32 breaths/min or ≤5 breaths/min, a pulse rate of ≤40 beats/min or ≥140 beats/min, a systolic blood pressure of <90 mmHg, and a sudden fall in the level of consciousness by 2 or more Glasgow Coma Scale points within 8 hours before cardiac arrest [13] .
Data Analysis
Frequencies were generated for independent variables and outcomes. Categorical variables were evaluated using Chi-square tests or Fisher's exact test. Continuous variables were expressed as mean ± standard deviation (SD) or median with interquartile range, and were analyzed with a two-tailed Student's t-test or Mann-Whitney U-test for independent variables. Statistical significance was defined as p < 0.05. Univariate analyses were first performed to select potential risk factors. Variables significantly associated with ROSC and hospital discharge (p < 0.05) in univariate analysis and patient characteristics (age and functional status before hospital admission) were entered into a multivariate logistic regression for the analysis of both primary and secondary outcome. Results were considered significant if p < 0.05. All analyses were performed using SPSS version 14.0 (SPSS Inc., Chicago, IL, USA).
Results
Patients and Event Characteristics
During the study period, a total of 544 adult patients with IHCA occurring in general wards were analyzed for the event variables and resuscitation results (Figure 1) . Of the 544 patients, 218 (40.1%) had ROSC, only 28 (5.1%) survived to hospital discharge, and 6 (1.1%) were discharged with favorable neurological outcomes.
Patient demographics are shown in Table 1 . The mean age was 67.8 ± 16.2 years (interquartile range: 58 -79 years) and 58.8% were men. Univariate analysis showed significant correlation between the ROSC rate and Charlson comorbidity index (CCI) score (p = 0.014). The initial rhythms recorded when the event took place were pulseless electrical activity (PEA) for over half of the patients (61.7%), while VT/VF was recorded in only 3.9% of patients. When VT/VF was documented as the first rhythm, patients had a higher rate of ROSC compared to those with initial presentations of PEA and asystole (52.4% vs. 43.8% vs. 32.1%, p = 0.017) and survival to discharge (19.0% vs. 5.4% vs. 3.2%, p = 0.008). Patients with witnessed arrest were more likely to achieve ROSC compared to those with unwitnessed arrest (44.6% vs. 31.0%, p = 0.006), whereas there was no significant difference between survival to hospital discharge between the two groups. Most of the arrest events (39.2%) occurred during the midnight shift (00:00-07:59). There was a significant difference between the time of arrest and ROSC (day shift 49.7% vs. night shift 47.4% vs. midnight shift 26.8%, p < 0.001). The majority of patients (54.6%) in this study had a deteriorated disease course before arrest that was significantly associated with a poorer discharge outcome compared to those without a deteriorated course (p = 0.005).
Morbidities before and on Admission
Morbidities before admission are shown in Figure 2 . Coronary artery disease accounted for the underlying etiology of cardiac arrest in 81 (14.8%) patients, while cancer and hematological malignancy are the underlying morbidities in 37.3% of the patients. Patients with cardiac morbidity before admission had reduced chances of ROSC compared with those without (p = 0.036). Also, patients with chronic lung disease and metastatic cancer before admission were less likely to achieve ROSC compared to those without (31.7% vs. 42.5%, p = 0.033 and 30.2% vs. 41.9%, p = 0.042, respectively) ( Figure 2) . Patients with diabetes mellitus before admission had higher rate of survival to discharge (57.1% vs. 37.2%, p = 0.046) (Figure 3) . Cancer treatment or complications from cancer (18.9%) and pneumonia/chronic lung diseases (16.9%) were the two most common admission diagnoses. Cardiac morbidity was found in 46 (8.5%) patients, including 15 (2.8%) patients with acute myocardial infarction on admission. However, there was no relation between admission morbidities and ROSC or discharge outcome. Values are presented as number (%). ROSC = return of spontaneous circulation; BMI = body mass index; CPC = cerebral performance category; ED = emergency department; OPD = outpatient department; VF = ventricular fibrillation; VT = ventricular tachycardia; PEA = pulseless electrical activity.
Figure 3.
Comorbidity before admission with discharge outcome. * p < 0.05, discharge survivors vs. discharge non-survivors.
Outcome of Cardiopulmonary Arrest Events
The mean CPR duration in the ROSC group was 21.2 ± 11.3 minutes (range 3 -75 minutes). The mean period of hospitalization in the survival group was significantly longer than that of the mortality group (98.75 ± 87.13 vs. 21.84 ± 39.67 days, p < 0.001). We found that the probability of successful resuscitation (p trend = 0.027) and survival to discharge (p trend = 0.036) decreased as the CCI score increased. In this study, we also identified 5 pre-arrest conditions indicative of an extremely poor prognosis with 100% mortality after IHCA events, including a body mass index ≥ 30 (24 patients), a high CCI score ≥ 9 (36 patients), as well as the underlying diseases of myocardial infarction (22 patients), hematological malignancy (32 patients), and admission diagnoses of cirrhosis-related complications (44 patients).
Multivariate Regression Models
Four factors were independently associated with ROSC. A high CCI score ≥ 9, cardiac morbidity, metastatic malignancy before admission, and arrest during the midnight shift were independently associated with a low Table 2 ). An initial presentation of VT/VF pulseless rhythm was independently associated with a high survival rate, whereas a deteriorated disease course was independently associated with a low possibility of survival to hospital discharge ( Table 3) .
Discussion
We describe the outcomes of CPR for patients with IHCA in general wards. The overall patient survival was 5.1%, while 1.1% of all patients showed favorable neurological outcomes. The findings of the current study demonstrated several previously unreported factors that had significant impact on the survival of patients with IHCA in the pre-arrest setting. For instance, a reduced chance of ROSC was noted in the presence of a CCI ≥ 9. Moreover, the probability of successful resuscitation and survival to discharge decreased as the CCI score increased. Furthermore, cardiac comorbidity before admission was independently associated with a low possibility of ROSC. Finally, a deteriorated disease course was independently associated with an unfavorable patient survival. According to the national registry of cardiopulmonary resuscitation (NRCPR), patients who underwent CPR in general inpatient area had a 14% probability of survival to discharge [3] . The majority of studies report better outcomes for patient with IHCA occurring in critical care areas than those encountered in wards [3] [5] [6] [11] . The possible explanations included the monitored and witnessed status of the patients, immediate availability of personnel and medications for conducting effective ACLS, and the nature of patients in a critical care setting. For instance, patients with cardiac morbidity in the coronary care unit are likely to develop cardiac arrests secondary to readily reversible dysrhythmias that may contribute to a relatively good prognosis. The data from NRCPR showed that 77.7% of overall patients were being monitored without specifically referring to patients in the general wards [3] . By contrast, in our general ward population, only 16% of patients were being monitored before arrest, even though 54.6% of patients had abnormal vital signs according to the definition of deteriorated disease courses. The inherent limitations of general wards and inadequate monitoring, therefore, may be a contributor to unfavorable patient outcome.
Cardiac arrest occurs in a heterogeneous group of patients commonly hospitalized for serious comorbidities. Indeed, the data of GWTG-Resuscitation registry showed that the absence of renal insufficiency, hepatic insufficiency, sepsis, and malignancy prior to the arrest were associated with favorable neurological survival [5] . In this study, CCI and the total number of comorbidities before admission were used as the indices of severity to evaluate the correlation between comorbidities before admission and patient outcome. However, the present study demonstrated no significant association between patient survival and the two indices with the exception of a reduced probability of ROSC in the presence of a CCI ≥ 9. On the other hand, stratification of the data with a more detailed CCI showed a trend indicative of an association of decreased probability of successful resuscitation and discharge survival with an elevated CCI. Although a high CCI was not a significant discharge outcome predictor in this study, all 36 patients with a CCI ≥ 9 did not survive to hospital discharge. The very low survival Table 2 . Factors independently associated with return of spontaneous circulation, using multivariate analysis.
Factor
Odds ratio (95% CI) p Table 3 . Factors independently associated with in-hospital mortality, using multivariate analysis. rate may account for its lack of significance as a predictor. Although data from NRCPR suggested that nine preexisting conditions and the mean number of pre-existing conditions were significantly related to the discharge mortality risk strata [3] , there was no significant relationship between patient survival and the total number of comorbidities before admission in our study. CCI, which is constructed by assigning a weight to each comorbidity according to the magnitude of the relative risk associated with each condition [14] [15], has not been previously reported as an outcome predictor of IHCA. In comparison with the assessment of risk associated with a specific disease or the total number of comorbidities, CCI is a more reliable indicator for outcome prediction after IHCA in the pre-arrest setting.
The NRCPR study and that by de Vos et al. revealed that patients with cardiac morbidity had a nearly twofold increase in survival rate compared with those with non-cardiac morbidity [3] [16] . However, the results of the current study shows that cardiac morbidity was significantly associated with a poorer ROSC rate, contrary to those of previous studies that demonstrated significant association of cardiac morbidity with a higher probability of ROSC and survival rate. In addition to the event locations and inadequate monitoring, another difference of our study from previous reports is the lower prevalence of coronary artery disease at admission (14.8%) in our study population. Previous studies have reported higher prevalence of ischemic heart disease in western countries. Ballew et al. demonstrated that 43% of the study population had coronary artery disease and 31% had a previous myocardial infarction [17] . Herlitz et al. also revealed that 42% of men and 25% of women with IHCA had a previous history of myocardial infarction [18] . The relatively low frequency of ischemic heart disease in this study is comparable to that of an out-of-hospital cardiac arrest study in Japan [19] . Accordingly, it also accounted for the very low incidence (3.9%) of VT/VF as the first documented rhythm in this study. Taken together, it may account for our finding that cardiac morbidity was not a positive predictor for ROSC or survival to hospital discharge in the general wards. On the other hand, according to the data of NRCPR, another significant factor associated with a decreased survival of adult patients with IHCA is resuscitation system errors that has been reported to occur most frequently (up to 40.4%) in non-ICU inpatient areas [20] . In general wards, a lack of manpower, inadequate patient monitorings, late discovery of arrests, or delayed response of the CPR team could occur especially at midnight shift, thereby missing the chance of timely treatment of reversible rhythms such as VT/VF.
Previous reports indicated that the majority (i.e., approximately 50% to 84%) of patients had identifiable serious physiological abnormalities within eight hours preceding IHCA [13] [21] [22] . In our study, 54.6% of patients had abnormal vital signs according to the definition of deteriorated disease course. We also identified five pre-arrest conditions indicative of an extremely poor prognosis with 100% mortality after IHCA episodes in this study. For these high risk patients, placing DNR discussions is of paramount importance in such deterioration conditions. Patients who are unlikely to benefit from CPR should be identified on or during hospital admission and the possibility of DNR orders should be discussed to avoid inappropriate treatment and potential patient suffering.
This study had its limitations. First, our study suffered from the shortcomings of the setting of a single institute and its retrospective nature including inadequate documentation at the time of CPR and incomplete or missing patient records. Second, the sample size of our survival group was relatively small. Finally, the long period covered in this study may have introduced significant confounders that influenced the outcomes.
Conclusion
The overall survival for patients with IHCA in general wards remained poor. Reduced chance of ROSC was noted in the presence of a CCI ≥ 9 as well as the presence of metastatic malignancy and cardiac comorbidity before admission. Moreover, the probability of successful resuscitation and survival to discharge also decreased as CCI score increased. Furthermore, a deteriorated disease course was independently associated with an unfavorable patient survival.
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